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Description 

The present invention relates to a controlled 
release pharmaceutical preparation, and more particu- 
larly to a so-called sigmoid type controlled release phar- 
maceutical preparation (Sigmoidal- Releasing System) 
from which a medicinal compound rapidly dissolves 
after a certain lag time. 

Hitherto, concerning pharmaceutical preparations 
containing medicinal compounds, there have been vari- 
ous attempts to maintain their effects after the adminis- 
tration. For example, following two pharmaceutical 
preparations have been known. One is a sustained 
release pharmaceutical preparation (see Japanese 
Unexamined Patent Publication No. 156617/1985) in 
which a core is alterately coated with two compositions, 
namely, with a coating composition comprising a water- 
soluble polymer such as a polyvinyl alcohol or polyvi- 
nylpyrrolidone and a water-insoluble polymer such as 
ethylcellulose polyvinyl chloride or Eudragit RS (trade 
mark, from ROhm Pharma, Germany), and a composi- 
tion comprising dittiazem hydrochloride, an organic acid 
and a lubricant to form mutti coating layers. And the 
other is a sustained release pharmaceutical preparation 
(see japanese Unexamined Patent Publication No. 
193913/1985) in which a core containing a medicinal 
active ingredient and an organic acid is spray-coated 
with an ethanol solution of an acrylic polymer having tri- 
methylammoniumethyl group. 

However, although these pharmaceutical prepara- 
tions are suitable for releasing medicinal active ingredi- 
ents gradually after the administration, they have a 
problem that the starting of the dissolution of their 
medicinal active ingredients can hardly be controlled. 

On the other hand, it is known in the field of the 
pharmaceutical preparation that an increase in the 
thickness of the coating layer results a delay of the start- 
ing of the dissolution of a medicinally active ingredient. 
However, it is also known that in this case the thick coat- 
ing layer hinders rapid dissolution of a medicinally active 
ingredient after the starting of the dissolution and there- 
fore an effective blood concentration can not be 
obtained rapidly. 

An object of this invention is to provide a controlled 
release pharmaceutical preparation giving a so-called 
sigmoid type dissolution pattern wherein a lag time until 
the starting of the dissolution of a medincinal compound 
and the rate of the following dissolution can be control- 
led and the rate of the dissolution of the medincinal 
compound does not depend on the pH of a medium for 
the dissolution. 

It has been found that in the case of coating a 
medicinally active ingredient with a water-insoluble and 
slightly water-permeable acrylic polymer having trimeth- 
ylammoniumethyl group and a water-repellent salt such 
as magnesium stearate or calcium stearate, (1) the time 
until the starting of the dissolution of a medicinal active 
ingredient from the pharmaceutical preparations length- 
ens, (2) the time until the starting of the dissolution can 



be controlled by the amount of the coating layer and (3) 
once the dissolution starts, almost 100% of the medici- 
nal active ingredient dissolves irrespective of the 
amount of the coating layer. 
s The present invention provides a controlled release 
pharmaceutical preparation comprising a core contain- 
ing a medicinal compound and a single coating layer 
containing: 

10 (i) a water-repellent salt and 

(ii) a water-insoluble and slightly water permeable 
copolymer of ethyl acrylate, methyl methacrylate 
and p-methacryloyloxyethyltrimethylammonium 
chloride, 

15 

wherein the water permeability of the coating layer is 
less than thai provided by the copolymer alone, and that 
2 to 4 parts by weight of the copolymer is present in the 
coating layer per part by weight of the water-repellent 

20 salt, wherein said medicinal compound is released from 
the preparation after a time lag with a sigmoid-type dis- 
solution pattern. 

Fig. 1 is a graph showing the result of the dissolu- 
tion test with water as to various controlled release 

25 granules (a) to (e) obtained in Test Example 1 which dif- 
fer from each other in the amount of coating layer. Fig. 2 
is a graph showing the result of the dissolution test with 
water, first fluid and second fluid as to the controlled 
release granule (d) obtained in Test Example 1 . Fig. 3 is 

30 a graph showing the change in blood concentration of a 
medicinal compound in case that the granule (d) was 
administered to dogs in Test Example 2. Fig. 4 is a 
graph showing the result of the dissolution test as to a 
capsule containing various controlled release granules 

35 obtained in Test Example 3 which differ from each other 
in the amount of the coating layer. 

The controlled release pharmaceutical preparation 
of the present invention comprises a core containing a 
medicinal compound and a coating layer containing a 

40 water-repellent salt and a water-insoluble and slightly 
water-permeable acrylic polymer having trimethylam- 
moniumethyl group, which surrounds said core. If 
desired, another coating layer of at least one material 
selected from the group consisting of ethylcellulose, 

45 hydroxypropylcellulose and a medicinal compound may 
be provided around said coating layer in the controlled 
release pharmaceutical preparation of the present 
invention. 

In the present invention, a polymer of acrylic acid, 
so methyl acrylate, ethyl acrylate, methacrylic acid, methyl 
methacrylate, ethyl methacrylate or the like, which has 
trimethyammoniumethyl group in the molecule, may be 
used as a water-insoluble and slightly water-permeable 
acrylic polymer constituting the coating layer. For 
55 instance, a copolymer of ethyl acrylate, methyl methacr- 
ylate and p-methacryloyloxyethyltrimethylammonium 
chloride in which about 0.025 to about 0.033 mole of p- 
methacryloyoxyethyltrimethylammonium chloride is 
contained per mole of the other neutral acrylic mono- 
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mers is preferably used. Such copolymer is, for exam- 
ple, commercially available under trade mark "Eudragit 
RS" from RChm Pharma. Germany or the like. 

The above-mentioned polymer may contain, for 
instance, a small quantity of a water-permeable poly- 
mer. Such copolymer is, for example, commercially 
available under trade mark "Eudragit RL" from ROhm 
Pharma, Germany or the like. 

As ethylcellulose or hydroxypropylcellulose which is 
a material ol another coating layer provided around the 
coating layer of an acrylic polymer, for instance, ethyl- 
cellulose containing about 46.5 to about 51.0 % of 
ethoxy group, hydroxypropylcellulose containing about 
53.4 to about 77.5 % of hydroxypropoxy group or the 
like can be suitably used. 

As a water-repellent salt which constitute the coat- 
ing layer with an acrylic polymer, a salt of higher fatty 
acid and an alkaline earth metal is preferably used. 
Concretely, examples of the salts are calcium stearate, 
magnecium stearate and the like. 

The amount of the coating layer for the core is vari- 
able a little depending on the form or the size of the 
core. However, it is preferable that the amount of the 
coating layer to be used tends to increase a bit depend- 
ing on the increase of the surface area per unit weight, 
that is, the decrease of the particle size of the core. For 
example, in case of spherical particles having mean 
particle size of about 500 to about 1000 i_im, the amount 
of the coating layer is about 5 to about 80 %, preferably 
about 7 to about 50 %, in particular, preferably about 8 
to about 30 %, based on the weight of the core. 

In the present invention, the form of the core to be 
coated is not particularly limited and various forms such 
as plain tablet, pill, granule and fine granule may be suit- 
ably used. Above all, the granulated cores having mean 
particle size of about 300 to about 5000 jim, in particu- 
lar, about 500 to about 1500 \im may be preferably 
used. 

The medicinal compound to be contained in the 
core is not particularly limited. For instance, calcium 
antagonists such as diltiazem hydrochloride, verapamil 
hydrochloride, nicardipine, nitrendipine and nimodipine, 
antiasthmatic agents such astheophylline and tri- 
metaquinol, water soluble vitamins, antibiotics, antima- 
lignatumor agents, antipyretic analgesics, antihyper- 
glycemic agents and the like may be used. 

In addition, various additives such as an excipient, 
a binder, a lubricant, an aggregation-preventing agent 
and a solubilizer for a medicinal compound which are 
usually used in this field may be contained in the core. 

Examples of excipients are sugars such as 
sucrose, lactose, mannitol and glucose, starch, crystal- 
line cellulose, calcium phosphate, calcium sulfate, cal- 
cium lactate and the like. Examples of carriers for 
regulating particle sizes are sucrose, lactose, starch, 
crystalline cellulose and the like. Examples of binders 
are polyvinylalcohol, polyacrylic acid, polymethacrylic 
acid, polyvinylpyrrolidone, glucose, sucrose, lactose, 
maltose, sorbitol, mannitol, hydroxyethylcellulose, 



hydroxypropylmethylcellulose, hydroxypropylcellulose, 
macrogols, arabic gum, gelatin, agar, starch and the 
like. Examples of lubricants are stearic acid, talc and the 
like. Examples of aggregation-preventing agents are the 

s above-mentioned lubricants, silicone dioxide, colloidal 
silicone dioxide and the like. Examples of sdubilizers for 
medicinal compounds are organic acids such as 
fumaric acid, succinic acid and malic acid and the like. 
The pharmaceutical preparation of the present 

10 invention can be prepared by coating cores containing a 
medicinal compound with a dispersion of a water-insol- 
uble and slightly water-permeable acrylic polymer hav- 
ing trimethylammoniumethyl group and a water- 
repellent salt. The preparation of the cores can be car- 

75 ried out according to the usual procedure for the prepa- 
ration, for example, as described in Lemingtons 
Pharmaceutical Sciences 1Z 1603-1632, 1633-1643 
(Mack Publishing Company, published in 1985). For 
Example, the cores can be prepared by granulating the 

20 composition of a medicinal compound, a binder and, as 
occasion demands, other additives such as an exicipent 
according to the method of wet oscillating granulation, 
rotating granulation, fluidizing bed granulation or the like 
to obtain granules. Alternatively, for example, the cores 

25 may be prepared using carriers for regulating particle 
sizes. That is, spherically granulated carriers may be 
coated with a medicinal compound according to the 
usual method such as powder coating method to obtain 
the cores. Powder coating can be carried out, for 

30 instance, by gradually adding a medicinal compound or 
a mixture of the medicinal compound and suitable addi- 
tives such as an excipient with spraying a solution 
obtained by dissolving a binder in a suitable solvent 
such as water, a lower alcohol such as methanol, etha- 

35 no), propanol, isopropanol or butanol, a lower alkanone 
such as acetone or methylethylketone, chloroform, 
d ic h I oro methane, dich I oro ethane or a mixture thereof, 
on carrier particles to be cores, according to the method 
of rotating granulation, pan coating, fluidizing bed coat- 

40 ing or the like. 

The coating for thus obtained cores can be carried 
out by adhering a dispersion of a water-repellent salt 
and an acrylic polymer to the cores followed by drying. 
As a dispersion medium for the above-mentioned 

45 component of the coating layer, water, an alcohol such 
as methanol, ethanol or propanol, a ketone such as 
acetone, a halogenated hydrocarbon such as methyl- 
enechloride or chloroform, a mixture thereof or the like 
is exemplified. Water, an alcohol or a mixture thereof is 

so preferable, and ethanol or a mixture of ethanol and 
water is particularly preferable. 

The coating can be carried out according to a 
method generally used in the art for preparation such as 
the method of fluidizing bed coating or pan coating. For 

55 example, in case of the method of fluidizing bed coating, 
the coating can be carried out as follows. That is, while 
the cores are fluidized in an apparatus by means of air 
pressure, they are spray-coated with an aqueous dis- 
persion of a water-repellent salt and an acrylic acid pol- 
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ymer at an adequate rate from the nozzle of the spray- 
gun. 

The concentration of a water-repellent salt and an 
acrylic polymer in the dispersion is not particularly lim- 
ited, but it is preferable that these components are 
added within the above-mentioned scope of the prefer- 
able proportion of both components, to be the concen- 
tration of about 5 to about 40 % by weight. In addition, a 
plasticizer, a coloring agent and the like may be con- 
tained in the dispersion. As a plasticizer, for instance, 
triacetin, triethyl citrate, acetyltributyl citrate, diethyl 
phthalate, polyethyleneglycol, polysorbate or the like 
can be suitably used. The amount of the plasticizer to 
be used is preferably about 5 to about 40 % by weight 
based on the weight of an acrylic polymer. 

The drying of thus obtained coating layer can be 
easily carried out, for example, by heating at about 35 to 
about 100°C, particularly about 40 to about 70°C. 

The other form of the pharmaceutical preparation of 
the present invention wherein another coating layer 
made of at least one material selected from the group 
consisting of ethyl cellulose, hydroxypropylceltulose and 
a medicinal compound is provided around the coating 
layer containing a water-repellent salt and a water-insol- 
uble and slightly water-permeable acrylic polymer hav- 
ing tri methyl a mmoniu methyl group, can be easily 
prepared by further coating the above-mentioned phar- 
maceutical preparation having the coating layer of an 
acrylic polymer with these components according to the 
usual method. 

For example, in case of coating with ethylcellulose 
or hydroxypropylcellulose, the solution prepared by dis- 
solving ethylcellulose or hydroxypropylcellulose in 
water, methanol, ethanol, acetone or a mixed solvent 
thereof to be the concentration of about 0.5 to about 10 
%, may be sprayed for coating. In case of coating with a 
medicinal compound, the solution or dispersion contain- 
ing said medicinal compound or a mixture of the medic- 
inal compound and suitable additives such as an 
exoipient and a binder may be sprayed for coating 
according to the usual method. As the additives, for 
instance, the above-mentioned binders and excipients 
may be suitably used. 

Thus obtained controlled release pharmaceutical 
preparation of the present invention may be adminis- 
tered as it is or in a form filled in capsules. 

The pharmaceutical preparation of the present 
invention has the following characteristics because of its 
coating layer of a slightly water-permeable acrylic poly- 
mer. That is, a medicinal active ingredient rapidly dis- 
solves from the preparation after a certain period which 
depends upon the amount of the coating layer although 
it never dissolves after administration until the certain 
time passes. Besides, the time until the start of the dis- 
solution of a medicinal active ingredient is optionally 
adjustable by changing the amount of the coating layer. 

Therefore, the pharmaceutical preparation of the 
present invention is useful as a pharmaceutical prepa- 
ration wherein the starting of the dissolution of a phar- 



maceutical compound can be adjusted by itself. And it is 
further useful that the pharmaceutical preparation which 
can retain an effective blood concentration for many 
hours can be obtained by combining various pharma- 

$ ceutical preparations which differ from each other in the 
amount of the coating layer or in a kind of a component 
of the coating layer, according to the present invention. 

The pharmaceutical preparation of the present 
invention wherein the coating layer of a slightly water- 

w permeable acrylic polymer is further coated with ethyl- 
cellulose, hydroxypropylcellutose or the like, has a fol- 
lowing advantage. That is, because the dissolution rate 
of a medicinal compound after a lag time in such phar- 
maceutical preparation is smaller than that in a pharma- 

15 ceutical preparation whose coating layer of an acrylic 
polymer and a water-repellent salt is not further coated, 
the most suitable dissolution pattern can be obtained by 
employing the above-mentioned coating layer in accord- 
ance with a kind of medicinal active ingredient. In addi- 

20 tion, these pharmaceutical preparations also have an 
advantage of being useful for preventing the aggrega- 
tion of the preparations, which occurs during preparing 
them. 

Further the pharmaceutical preparation wherein the 

25 layer of a medicinal compound is provided around the 
coating layer of an acrylic polymer can start the dissolu- 
tion of the inside medicinal compound when the blood 
concentration originated in the outside medicinal com- 
pound has lowered after its dissolution followed by the 

30 rise of its concentration, by adjusting the amounts of the . 
medicinal compound layer and an acrylic polymer layer 
or providing another coating layer of hydroxypropylcellu- 
lose or the like around the layer of a medicinal com- 
pound. Therefore, the pharmaceutical preparation of 

35 the present invention has an advantage that it can be 
administered as a pharmaceutical preparation suitable 
for administration once a day. 

The present invention is more specifically 
described and explained by means of the following Test 

40 Examples and Examples in which all percents and parts 
are by weight unless otherwise noted. 

Test Example 1 

45 (1) Preparation 

Nonpareil (granulated sucrose, from Freund Indus- 
trial Co. Ltd.. Japan) having the diameter of 350 to 500 
jim (80 g) was put into the centrifugal fluidizing type 
so granulating and coating apparatus (CF-360EX Type, 
made by Freund Industrial Co. Ltd., Japan) and rolled in 
it. 

"Thereto was gradually added fine powder of 
diltiazem hydrochloride (900 g) with spraying a solution 
55 of polyvinylpyrrolidone (20 g) dissolved in a mixture of 
water and ethanol (3 : 2) (640 g). Nonpareil was thus 
coated around its surface with diltiazem hydrochloride 
to obtain plain granule containing diltiazem hydrochlo- 
ride in the amount of 30 %. 
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Then this plain granule was spray-coated with a 
solution containing 30 parts of Eudragit RS, 10 parts of 
calcium stearate and 3 parts of triethyl citrate to obtain 
various controlled release pharmaceutical preparations 
(a) to (e) containing diltiazem hydrochloride, which differ 
from each other in the amount of the coating layer on 
the plain granule as shown in Table 1 . 



Table 1 



Controlled release phar- 
maceutical preparation 


Amount of coating layer* 


(a) 


12 


(b) 


14 


(c) 


16 


(d) 


20 


(e) 


22 



* Amount of coating layer (g) per 100 g of plain gran- 
ule 



(2) Comparison of dissolution patterns 

0 The dissolution test according to the paddle 
method (37° C, water, 100 rpm) based on the spec- 
ification of the dissolution test under 11th revised 
japanese Pharmacopoeia (JPXI) was carried out 
with respect to each pharmaceutical preparation 
obtained in the above. 

Plain granule containing diltiazem hydrochlo- 
ride which was not yet coated was used as a control 
preparation. 

@ The dissolution test according to the same con- 
dition as in 0 was carried out with respect to the 
pharmaceutical preparation (d) in Table 1 , with first 
fluid (JPXI), second fluid (JPXI) and water. 

(3) Result 

The result of the dissolution test in 0 is shown in 
Fig. 1 . it is recognized that according to the pharmaceu- 
tical preparation of the present invention, the medicinal 
compounds are completely released and their dissolu- 
tion patterns show sigmoid type in water, although the 
lag time until the start of the dissolution is prolonged 
according as the increase of the amount of the coating 
layer in the pharmaceutical preparation. 

The result of the dissolution test in 0 is shown in 
Fig. 2. It is shown that the pharmaceutical preparation of 
the present invention shows the same dissolution pat- 
terns both with first fluid and second fluid as that with 
water. This result shows that the pharmaceutical prepa- 
ration of the present invention has the pH-independent 
dissolution property. Therefore, it is recognized that 



according to the pharmaceutical preparation of the 
present invention, a medicinal compound dissolves 
immediately after a lag time irrespective of the pH 
change in the digestive tract. 

5 

Test example 2 

The controlled release pharmaceutical preparation 
(d) obtained in Test Example 1 was orally administered 

10 (dose: 100 mg as the amount of diltiazem hydrochlo- 
ride) to dogs. After administration the blood was col- 
lected from vein at fixed times. The plasma 
concentration of diltiazem hydrochloride was measured 
by high performance liquid chromatography. 

15 The result is shown in Fig. 3. ft is recognized that 
the plasma concentration level is still high 30 hours later 
after the lag time of 8 hours. 

Test Example 3 

20 

TTie controlled release pharmaceutical prepara- 
tions (a) (373 g) and (d) (800 g) obtained in the Test 
Example 1 and the plain granule (111 g) containing 
diltiazem hydrochloride were mixed. The mixture (128 
25 mg) containing 100 mg of diltiazem hydrochloride was 
filled into a gelatin capsule to obtain a controlled release 
capsule. 

Then the dissolution test according to the puddle 
method (37°C, water, 100 rpm) under JPXI was carried 
30 out in the same manner as in Test Example 1 with 
respect to the controlled release capsule obtained in the 
above. 

The result of the dissolution test shows the durative 
dissolution pattern for 24 hours as shown in Fig. 4. 
35 Therefore, it is clear that a preparation can be designed 
to release a drug continuously for long hours by combin- 
ing various pharmaceutical preparations of the present 
invention. 

40 Example 1 

Nonpareil 103 (granulated sucrose, from Freund 
Industrial Co. Ltd., Japan) which was a spherically gran- 
ulated sucrose having the diameter of 350 to 500 jim 

45 (800 g) was put into the centrifugal fluidizing type gran- 
ulating and coating apparatus (made by Freund Indus- 
trial Co. Ltd., Japan hereinafter referred to as CF 
apparatus) and rolled in it. Thereto was gradually 
spread fine powder of diltiazem hydrochloride (9 kg) 

so with spraying a solution of polyvinylpyrrolidone (200 g) 
in a mixture of ethanol and water (2 : 3) (6.4 kg). Plain 
granule having the diameter of 12 to 20 mesh (1400 to 
840 \im) containing diltiazem hydrochloride, wherein 
Nonpareil was coated around its surface with diltiazem 

55 hydrochloride, was thus prepared. Then the obtained 
plain granule (1 kg) containing diltiazem hydrochloride 
was put into CF apparatus and spray-coated with a 
solution consisting of Eudragit RS (a copolymer of ethyl 1 
acrylate, methyl methacrylate and p-methacrytoy- 
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loxyethyltrimethylammonium chloride, from ROhm 
Pharma, Germany) (84 g), calcium stearate (28 g) t trie- 
thyl citrate (8 g), ethanol (160 g) and water (320 g). After 
coating, the granule was dried by heating at 60°C for 16 
hours to obtain a controlled release pharmaceutical 
preparation containing diltiazem hydrochloride (yield: 
112 kg). 

Example 2 

The procedure was carried out in the same manner 
as in Example 1 except that a mixture of Eudragit RS 
(112 g), calcium stearate (37 g), triethyl citrate (11 g), 
ethanol (21 0 g) and water (430 g) was used as a coating 
solution to obtain a controlled release pharmaceutical 
preparation containing diltiazem hydrochloride (yield: 
1.16 kg). 

Example 3 

The procedure was carried out in the same manner 
as in Example 1 except that a mixture of Eudragit RS 
(140 g), calcium stearate (47 g), triethyl citrate (14 g), 
ethanol (267 g) and water (533 g) was used as a coating 
solution to obtain a controlled release pharmaceutical 
preparation containing diltiazem hydrochloride (yield: 
1.2 kg). 

Example 4 

The procedure was carried out in the same manner 
as in Example 3 except that magnesium stearate (47 g) 
was used instead of calcium stearate to obtain a con- 
trolled release pharmaceutical preparation containing 
diltiazem hydrochloride (yield: 1.2 kg). 

Example $ 

The procedure was carried out in the same manner 
as in Example 3 except that tributyl acetylcitrate (14 g) 
was used instead of triethyl citrate as a plasticizer to 
obtain a controlled release pharmaceutical preparation 
containing diltiazem hydrochloride (yield: 1 .2 kg). 

Example 6 

The procedure was carried out in the same manner 
as in Example 3 except that both Eudragit RS (126 g) 
and Eudragit RL (14 g) were used instead of Eudragit 
RS (140 g) to obtain a controlled release pharmaceuti- 
cal preparation containing diltiazem hydrochloride 
(yield: 1.2 kg). 

Example 7 

The controlled release pharmaceutical preparation 
(0.56 kg) containing diltiazem hydrochloride obtained in 
the same manner as in Example 3 was put into CF 
apparatus and spray-coated with a coating solution con- 



sisting of ethylcellulose (9.5 g), hydroxypropylcellulose 
(0.5 g), ethanol (59 g) and water (32 g). Then the prep- 
aration was dried at 60°C for 16 hours to obtain a con- 
trolled release pharmaceutical preparation containing 
5 diltiazem hydrochloride (yield: 0.57 kg). 

Example 8 

The controlled release pharmaceutical preparation 
io (1 .12 kg) containing diltiazem hydrochloride obtained in 
the same manner as in Example 3 was put into CF 
apparatus and spray-coated with a coating solution con- 
sisting of diltiazem hydrochloride (151 g), polyvinylpyr- 
rolidone (12 g), ethanol (87 g) and water (203 g). Then 
15 the preparation was dried at 60°C for 1 6 hours to obtain 
a controlled release pharmaceutical preparation con- 
taining diltiazem hydrochloride, wherein the part which 
rapidly released diltiazem hydrochloride was provided in 
its surface layer. 

20 

Example 9 

To diltiazem chloride (4.8 kg) was added a solution 
of polyvinylpyrrolidone (K30) (0.15 kg) dissolved in 

25 water (0.3 kg). The mixture was kneaded, dried at 45°C 
for 4 hours and granulated by sieving with 500um (32 
mesh) sieve. To the obtained granule (4.5 kg) was 
added magnesium stearate (45 g) and the mixed pow- 
der thereof was tabletted to give plain tablets containing 

30 diltiazem hydrochloride, which have the diameter of 5 
mm and the weight of 50 mg per tablet. 

Then plain tablets (4.0 kg) were put into the coating 
apparatus (Hi-coater, made by Freund Industrial Co. 
Ltd., Japan) and spray-coated with a solution consisting 

55 of Eudragit RS (224 g), calcium stearate (74 g). triethyl 
citrate (22 g), ethanol (420 g) and water (860 g). Then 
the tablets were dried by heating at 60 °C for 16 hours to 
obtain controlled release tablets containing diltiazem 
hydrochloride (yield: 4.3 kg). 

40 

Example 10 

Nonpareil 103 which was a spherically granulated 
sucrose having the diameter of 350 to 500 urn (1500 g) 

45 was put into CF apparatus and rolled in it. Thereto was 
gradually spread fine powder of nicotinamide (NA) (900 
g) with spraying a solution of sucrose (135 g) in a mix- 
ture (465 g) of ethanol and water (1:3). The plain gran- 
ule having the diameter of 12 to 20 mesh (1400 to 840 

so jim) containing NA, wherein Nonpareil was coated 
around its surface with NA, was thus prepared. 

Then the obtained plain granule (0.5 kg) containing 
NA was put into CF apparatus and spray-coated with a 
solution consisting of Eudragit RS (1 05 g), calcium stea- 

55 rate (35 g), triethyl citrate (11 g), ethanol (200 g) and 
water (400 g). Then the granule was dried by heating at 
60°C for 1 6 hours to obtain a controlled release phar- 
maceutical preparation containing NA (yield: 0.56 kg). 
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Example 11 

The procedure was carried out in the same manner 
as in Example 10 except that phenylpropanolamine 
hydrochloride was used instead of NA to obtain a con- 
trolled release pharmaceutical preparation containing 
phenylpropanolamine hydrochloride (yield: 0.56 kg). 

Example 12 

The procedure was carried out in the same manner 
as in Example 10 except that bisoprolol fumarate was 
used instead of NA to obtain a controlled release phar- 
maceutical preparation containing bisoprolol fumarate 
(yield: 0.56 kg). 

Example 13 

The procedure was carried out in the same manner 
as in Example 10 except that ascorbic acid was used 
instead of NA to obtain a controlled release pharmaceu- 
tical preparation containing ascorbic acid (yield: 0.56 
kg). 

Example 14 

The procedure was carried out in the same manner 
as in Example 10 except that thiamine hydrochloride 
was used instead of NA to obtain a controlled release 
pharmaceutical preparation containing thiamine hydro- 
chloride (yield: 0.56 kg). 

Example 15 

The procedure was carried out in the same manner 
as in Example 10 except that pyridoxine hydrochloride 
was used instead of NA to obtain a controlled release 
pharmaceutical preparation containing pyridoxine 
hydrochloride (yield: 0.56 kg). 

Example 16 

Nonpareil 103 which was a spherically granulated 
sucrose having the diameter of 500 to 710 nm (1 .04 kg) 
was put into CF apparatus and rolled in it. Thereto was 
gradually spread a mixed powder of fine powder of (+)- 
(2S,3S)-3-acetoxy-8-chloro-5-[2-(dimethylamino)ethyl]- 
2, 3-dihydro-2-(4-methoxyphenyl)-1 ,5-benzothiazepin- 
4(5H)-one • maleate (hereinafter referred to as Clen- 
tiazem) (1.176 kg) and succinic acid (1.96 kg) with 
spraying a solution of sucrose (0.78 kg) in the mixture of 
ethanol and water (1 : 3) (2.22 kg). The plain granule 
having the diameter of 1 2 to 24 mesh (1400 to 71 0 jim) 
containing Clerrtiazem, wherein Nonpareil was coated 
around its surface with Clerrtiazem, was thus prepared. 

Then the obtained plain granule (1 kg) containing 
Clerrtiazem was put into CF apparatus and spray- 
coated with a solution consisting of Eudragit RS (279 g), 
calcium stearate (93 g), triethyl citrate (28 g), ethanol 



(533 g) and water (1067 g). After coating, the granule 
was dried by heating at 60°C for 16 hours to obtain a 
controlled release pharmaceutical preparation contain- 
ing Clerrtiazem (yield: 1 .38 kg). 
5 In addition to the ingredients used in the Examples, 
other ingredients can be used in the Examples as set 
forth in the specification to obtain substantially the same 
results. 

10 Claims 

Claims for the following Contracting States : AT, BE, 
CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

15 1. A controlled release pharmaceutical preparation 
comprising a core containing a medicinal com- 
pound and a single coating layer containing: 

(i) a water-repellent salt and 
20 (ii) a water-insoluble and slightly water perme- 

able copolymer of ethyl acrylate, methyl meth- 
acrylate and p-methacryloyloxyethyltrimethyl- 
ammonium chloride, 

25 wherein the water permeability of the coating layer 
is less than that provided by the copolymer alone, 
and that 2 to 4 parts by weight of the copolymer is 
present in the coating layer per part by weight of the 
water-repellent salt, wherein said medicinal com- 

so pound is released from the preparation after a time 
lag with a sigmoid-type dissolution pattern. 

2. A pharmaceutical preparation as claimed in claim 
1, wherein the copolymer of ethyl acrylate, methyl 

35 methacrylate and p-methacryloyloxyethyltrimethyl- 
ammonium chloride is one in which about 0.025 to 
about 0.033 mole of p-methacryloyloxyethyltrimeth- 
ylammonium chloride is contained per mole of the 
other neutral acrylic monomers and the water- 

40 repellent salt is an alkaline earth metal stearate. 

3. A pharmaceutical preparation as claimed in claim 1 
or claim 2, wherein another coating layer made of at 
least one material selected from the group cortsist- 

45 ing of ethylcellulose, hydroxypropylcellulose and a 
medicinal compound is provided around the coating 
layer on the surface of the core. 

4. A pharmaceutical preparation as claimed in claims 
so 1 to 3, wherein the medicinal compound in the core 

is a calcium antagonist, an antiasthmatic agent, an 
antipyretic, and analgesic or an a nti hyperglycemic 
agent. 

55 5. A pharmaceutical composition as claimed in daim 
4, wherein the medicinal compound in the core is 
diltiazem hydrochloride, verapamil hydrochloride, 
nicardipine, nitrendipine, nimodipine, theophylline 
or trimetaquinol. 
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6. A pharmaceutical preparation as claimed in any 
one of claims 1 to 5, wherein the core also com- 
prises one or more excipients, binders, lubricants, 
aggregation preventing agents or solubilisers. 

5 

Claims for the following Contracting States : ES, GR 

1. A method of preparing controlled release pharma- 
ceutical preparation comprising a core containing a 
medicinal compound and a single coating layer 10 
containing: 

(i) a water-repellent salt and 

(ii) a water-insoluble and slightly water perme- 
able copolymer of ethyl acrylate, methyl meth- is 
acrylate and p-methacryloyloxyethyttrimethyl- 
ammonium chloride, 

wherein the water permeability of the coating layer 
is less than that provided by the copolymer alone, 20 
and that 2 to 4 parts by weight of the copolymer is 
present in the coating layer per part by weight of the 
water-repellent salt, wherein said medicinal com- 
pound is released from the preparation after a time 
lag with a sigmoid-type dissolution pattern, which 25 
method comprises the steps of forming the core 
containing said medicinal compound and coating 
said core with the coating layer. 

2. A method as claimed in claim 1 , wherein the copol- 30 
ymer of ethyl acrylate, methyl methacrylate and p- 
methacrytoyloxyethyttrimethylammonium chloride 

is one in which about 0.025 to about 0.033 mole of 
p-methacryloyloxyethyltrimethylammonium chlo- 
ride is contained per mole of the other neutral 35 
acrylic monomers and the water-repellent salt is an 
alkaline earth metal stearate. 

3. A method as claimed in claim 1 or claim 2, wherein 
another coating layer made of at least one material 40 
selected from the group consisting of ethylcellulose, 
hydroxypropylcellulose and a medicinal compound 

is provided around the coating layer on the surface 
of the core. 

45 

4. A method as claimed in any one of claims 1 to 3, 
wherein the medicinal compound in the core is a 
calcium antagonist, an antiasthmatic agent, an anti- 
pyretic, and analgesic or an antihyperglycemic 
agent. so 

5. A method as claimed in claim 4, wherein the medic- 
inal compound in the core is diltiazem hydrochlo- 
ride, verapamil hydrochloride, nicardipine, 
nitrendipine, nimodipine, theophylline or trimetaqui- ss 
nol. 

6. A method as claimed in any one of claims 1 to 5, 
wherein the core also comprises one or more excip- 



ients, binders, lubricants, aggregation preventing 
agents or solubilisers. 

Patentanspruche 

Patentansprflche f Or folgende Vertragsstaaten : AT, 
BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1. Pharmazeutische Preparation zur kontrollierten 
Freigabe umfassend einen Kern, der eine medizini- 
sche Verbindung enthalt, und eine einzelne Hull- 
schicht, die 

(i) ein wasserabweisendes Salz und 

(ii) ein wasserunlosliches und geringfugig was- 
serdurchlassiges Copolymer aus Ethylacrylat, 
Methyl methacrylat und p-Methacryloyloxye- 
thyltrimethylammoniumchlorid enthalt, 

wobei die Wasserdurchlassigkeit der Hullschicht 
geringer ist als die des Copolymers alleine und in 
der Hullschicht 2 bis 4 Gewichtsteile des Copoly- 
mers pro Gewichtsteil des wasserabweisenden 
Salzes enthalten sind, wobei die medizinische Ver- 
bindung nach einer Verzogerungszeit aus der Pra- 
paration mit einem AuflOsungsmuster vom 
sigmoiden Typ freigesetzt wird. 

2. Pharmazeutische Praparation nach Anspruch 1, 
wobei in dem Copolymer aus Ethylacrylat, Methyl- 
methacrylat und p-Methacryloyloxyethyttrimethyl- 
ammoniumchlorid ungefahr zwischen 0.025 bis 
etwa 0.033 Mol p-Methacryloyloxyethyrtrimethyl- 
ammoniumchlorid pro Mol der anderen neutralen 
Acrylmonomere enthalten sind und das wasserab- 
weisende Salz ein Erdalkalimetalistearat ist. 

3. Pharmazeutische Praparation nach Anspruch 1 
Oder Anspruch 2, wobei eine weitere Hullschicht, 
hergestellt aus mindestens einem Material ausge- 
wahlt aus der Gruppe bestehend aus Ethylcellu- 
lose, Hydroxypropylcellulose und einer 
medizinischen Verbindung, um die Hullschicht auf 
der Oberftache des Kerns vorgesehen ist. 

4. Pharmazeutische Praparation nach einem der 
Anspruch e 1 bis 3, wobei die medizinische Verbin- 
dung im Kern ein Calziumantagonist, ein antiasth- 
matischer Wirkstoff, ein Antipyretikum und 
Analgetikum oder ein antihyperglykamischer Wirk- 
stoff ist. 

5. Pharmazeutische Praparation nach Anspruch 4, 
wobei die medizinische Verbindung im Kern Diltia- 
zem Hydrochlorid, Verapamil Hydrochlorid, Nicardi- 
pin, Nitrendipin, Nimodipin, Theophyllin oder 
Trimetaquinol ist. 
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6. Pharmazeutische Preparation nach einem der 
AnsprQche 1 bis 5, wobei der Kern auch ein Oder 
mehrere Tragermittel, Bindemittel, Gleitmittel, ver- 
klumpungshemmende Stoffe oder Solubilisierungs- 
mitlel enthalt. 

Patentanspruchefur folgende Vertragsstaaten : ES, 
GR 

1 . Verfahren zur Herstellung einer pharmazeutischen 
Preparation zur kontrollierten Freigabe, umfassend 
einen Kern, der eine medizinische Verbindung ent- 
haft, und eine einzelne HOIIschicht, die 

(i) ein wasserabweisendes Salz und 

(ii) ein wasserunlosliches und geringrfugig was- 
serdurchlassiges Copolymer aus Ethylacrylat. 
Methylmethacrylat und p-Methacryloyloxye- 
thyltrimethylammoniumchlorid enthalt, 

wobei die Wasserdurchlassigkeit der HOIIschicht 
geringer ist als die des Copolymers alleine und in 
der HOIIschicht 2 bis 4 Gewichtsteile des Copoly- 
mers pro Gewichtsteil des wasserabweisenden 
Salzes enthatten sind, wobei die medizinische Ver- 
bindung nach einer VerzOgerungszeit aus der Pre- 
paration mit einem Auflosungsmuster vom 
sigmoiden Typ freigesetzt wind, 
umfassend die Schritte, den Kern, der die medizini- 
sche Verbindung enthalt, zu for men und den Kern 
mit der HGllschicht zu beschichten. 

2. Verfahren nach Anspruch 1 , wobei in dem Copoly- 
mer aus Ethylacrylat, Methylmethacrylat und p- 
Methacryloyloxyethyltrimethylammoniumchlorid 
ungefahr 0.025 bis etwa 0.033 Mol p- 
Methacryloyloxyethyltrimethylammoniumchlorid 
pro Mol der anderen neutraten Acrylmonomere ent- 
hatten sind und das wasserabweisende Salz ein 
Erdalkalimetallstearat ist. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei 
eine weitere HOIIschicht, hergestellt aus minde- 
stens einem Material ausgewahlt aus der Gruppe 
bestehend aus Ethylcellulose, Hydroxy propylcellu- 
lose und einer medizinischen Verbindung, urn die 
HQltschicht auf der Oberflache des Kerns vorgese- 
hen ist. 

4. Verfahren nach einem der AnsprQche 1 bis 3, wobei 
die medizinische Verbindung im Kern ein Calzi- 
umantagonist, ein antasthmatischer Wirkstoff, ein 
Antipyretikum und Analgetikum oder ein antjhyper- 
glykamischer Wirkstoff ist. 

5. Verfahren nach Anspruch 4. wobei die medizini- 
sche Verbindung im Kern Diltiazem Hydrochlorid. 
Verapamil Hydrochlorid, Nicardipin, Nrtrendipin, 



Nimodipin, Theophyllin oder Trimetaquinol ist. 

6. Verfahren nach einem der AnsprOche 1 bis 5. wobei 
der Kern auch ein oder mehrere Tragermittel, Bin- 
5 demittel, Gleitmittel, verHumpungshemmende 
Stoffe oder Solubilisierungsmrttel enthalt. 

Revendlcatlons 

10 Revendications pour les Etats contractants sui- 
vants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NE, SE 

1 . Preparation pharmaceutique a liberation controlee, 
comprenant un noyau contenant un compose medi- 

15 camenteux et une seule couche de revetemerrt 
contenant : 

(i) un sel hydrofuge, et 

(ii) un copolymere, insoluble dans I'eau et lege- 
20 rement permeable a I'eau, d'acrylate d'6thyle, 

de methacrylate de methyle et de chlorure de 
p-m6thacryloyloxy6thyltrim6thylammonium, 

dans laquelle la permeability a I'eau de la 
25 couche de revStement est infeneure a celle engen- 
dree par le copolymere seul, et 2 a 4 parties en 
poids du copolymere sont presentes dans ta cou- 
che de revetement par partie en poids du sel hydro- 
fuge, ledit compose medicamenteux etant libere de 
30 la preparation apres un temps de retard, avec un 
prof il de dissolution de type sigmoTde. 

2. Preparation pharmaceutique suivant la revendica- 
tion 1, dans laquelle le copolymere d'acrylate 

35 d'ethyle, de m6thacrylate de methyle et de chlorure 
de p-methacr yloyloxy ethyl trimethylammonium est 
un copolymere dans lequel une quantrte d'environ 
0,025 a environ 0,033 mole de chlorure de p- 
m eth aery ioy I oxy et riy It rimetriyl ammonium est pr£- 

40 sente par mole des autres monomeres acryliques 
neutres, et le sel hydrofuge est un stearate de metal 
alcalino-terreux. 

3. Preparation pharmaceutique suivant la revendica- 
45 tion 1 ou la revendication 2, dans laquelle une autre 

couche de revetement constitute d'au moins une 
matiere choisie dans le groupe consistant en r ethyl - 
cellulose, rhydroxypropylcellulose et un compost 
medicamenteux est formee autour de la couche de 
so revelement sur la surface du noyau. 

4. Preparation pharmaceutique suivant les revendica- 
tions 1 a 3, dans laquelle le compose medicamen- 
teux dans le noyau est un antagonize de calcium, 

55 un agent antiasthmatique, un antipyretique, un 
agent analgesique ou un agent antihypergiycemi- 
que. 

5. Preparation pharmaceutique suivant la revendica- 
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tion 4, dans laquelle le compost medicamenteux 
dans le noyau est le chlorhydrate de diltiazem, le 
chlorhydrate de verapamil, la nicardipine, la nitren- 
dipine, la nimodipine, la theophylline ou le trimeta- 
quinol. 

6. Preparation pharmaceutique suivant Tune quelcon- 
que des revendications 1 a 5, dans laquelle le 
noyau comprend egalement un ou plusieurs exci- 
pients, liants, lubrrfiants, agents in hi bant I'agrega- 
tion ou solubilisants. 

Revendications pour les Etats contractants sui- 
vants : ES, GR 

1. Procedt de production d'une preparation pharma- 
ceutique a liberation contrdlee comprenant un 
noyau contenant un compost medicamenteux et 
une seule couche de rev&emerrt contenant 

(i) un sel hydrofuge, et 

(ii) un copolymere, insoluble dans I'eau et lege- 
rement permeable a I'eau, d 'aery I ate d'ethyle, 
de methacrylate de mtthyle et de chlorure de 
p-methacryloy1oxyethyltrim6thylammonium p 



un agent antiasthmatique, un antipyTetique, un 
agent analgesique ou un agent antinyperglycemi- 
que. 

s 5. Precede suivant la revendication 4, dans lequel le 
compose medicamenteux dans le noyau est le 
chlorhydrate de dirtiazem, le chlorhydrate de vera- 
pamil, la nicardipine, la nitrendipine, la nimodipine, 
la theophylline ou le trimetaquinol. 

JO 

6. Precede suivant Tune quelconque des revendica- 
tions 1 a 5, dans lequel le noyau comprend egale- 
ment un ou plusieurs excipients. liants, lubrrfiants, 
agents inhibant lagregation ou solubilisants. 

15 
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dans laquelle la permeabilite a I'eau de la 
couche de revetement est inferieure a celle engen- 
dree par le copolymere seul, et 2 a 4 parties en 
poids du copolymere sont presentes dans la cou- 30 
che de revetement par partie en poids du sel hydro- 
fuge, tedit compose medicamenteux etant I i be re de 
la preparation apres un temps de retard, avec un 
prof il de dissolution de type sigmoTde, comprenant 
les etapes de formation du noyau contenant ledit 35 
compose medicamenteux et d'enrobage dudit 
noyau avec la couche de revfetement. 



2. Precede suivant la revendication 1 , dans lequel le 
copolymere d'acrylate d'6thyle, de methacrylate de *o 
methyle et de chlorure de p-methacryloyloxy6thyl- 
trimethylammonium est un copolymere dans lequel 
une quantite d'environ 0,025 a environ 0,033 mole 
de chlorure de p-methacryloyloxyethyltrimethy- 
lammonium est presente par mole des autres 45 
monomeres acryliques neutres, et le sel hydrofuge 
est un stearate de metal alcalino-terreux. 



3. Precede suivant la revendication 1 ou la revendica- 
tion 2, dans lequel une autre couche de revetement so 
constitute d'au moins une matiere choisie dans le 
groupe consistant en Tethylcellulose, I'hydroxypro- 
pylcellulose et un compose medicamenteux est for- 
mee autour de la couche de revetement sur la 
surface du noyau. ss 

4. Procedt suivant Tune quelconque des revendica- 
tions 1 a 3, dans lequel le compost medicamen- 
teux dans le noyau est un antagonists du calcium, 
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o — o Plain granule containing diltiazem hydrochloride 
(control) 

d — o Controlled release pharmaceutical preparation (a ) 

+ — + Controlled release pharmaceutical preparation ( b) 

0---0 Controlled release pharmaceutical preparation ( c ) 

Controlled release pharmaceutical preparation ( d ) 

x-.-x controlled release pharmaceutical preparation ( e) 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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